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Waihington.. ..... 
Cairo .............. 
Cincinnati ........ 
Fort Smith ........ 
Knoxville ......... 
Memphis .......... 
S rln fleld, Ill .... 
C P P  eve and. ........ 
Duluth ............ 
Lanslng ........... 
Sault Ste. Marie.. 
Dodge.. ........... 
Uubuque .......... 
North Platte.. .... 
Omaha ...... ~ ..... 
Pierre. ............ 
Topeka ............ 

Means ......... 

The relative humidity was recorded by means of a specia 
form of hair hygrometer, and this, combined with the ten1 
perature, gave the vapor pressure computed for each observa 
tion. The average relative humidity is given in Table 7 
The ratio of the vapor pressure a t  any upper altitude to tha 
at  the earth's surface is given in Table 8. The results of worl 
with balloons and kites are compared in Table 9, and give I 
remarkable confirmation of Hann's well-known formula. 

TABLE 'i'.-i%?un velnte'ce humidity. 
[S=at ground, A=above.] 
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TABLE P.- K z p r  pmaure .  
Diminution with altitude ( p . ) .  
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Washington. D. C..  ................. ! 0.E 
Cairo Ill ............................ 0.71 
Cinciinati. Ohio. .................... 0.73 
Fort Smith Ark ...................... I 0 . e  

Memphls, Tenn.. .................... I 0.88 
8 ringfield 111 ........................ 0.74 

Lansjng Mich ...................... 0.R 

Dodge Kans .......................... 0.85 
Dubn&;ue Iowa.. ..................... 0.85 

Knoxville. 'TeTepn.. ................... 0.53 

C h a n d ,  bhlo ...................... 0.89 
Duluth, Mipn.. ...................... I 0 . e  

Sault St'e. Marie, Mich ............... I 0.89 

North Plitte Nebr. ................... 0.78 
Omaha, Neb;. ......................... 0 83 
Pierre. 8. Dak ....................... j 0: 90 
Topeka, Kans.. .................... 0.85 

Mean ............................ ! 0.82 I 
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TABLE %-Deerease of mapoi. preaawe with altitude. 

Value of (" ) for the respective altitudes. 
Po 

. - 

Kites ........................ .I 0.82 I 0.78 
Balloons (Hammon) .......... 0 96 0 96 

Balloons (Hanu) ............... 0.S4 , 0.W 
Mountains (Hanu). ............ 0.85 0.81 

Balloons (Hazenl .............. 0:SS I 0185 

0.89 10.44 11 1% 

o..41 0.8; ; 1st 

............ j '  4. 
0.44 ' ....... 9' 

0.55 10.4; I G t  

Computed by IIannn's formula. I 0.85 I 0.81 I 0.72 I 0.65 I 0.59 1 0 . 1  I 0.47 I 0.48 I.. .... 
~~ ~~~ 

*Americau Meteorological Journal. t Meteorologische Zeltschrlft, IS, 1874. 

The velocity of the wind was not recorded, owing to the fact 
that the small and light anemometer designed to accompany 
the meteorograph could not be completed and tested in time 
for use. 

The direction of the wind a t  any elevatiou is almost exactly 
given by the azimuth of the kite. A general study of these 
directions is given by Dr. Frankenfield in connection with 
each station, and may be summarized as follows: 

The upper winds show an increase in velocity and a slight 
progressive deflection toward the right, increasing with the 
altitude, and rarely exceeding 90°. I n  the few cases of de- 
flection toward the left, the velocity of the wind, as shown by 
the pull on the kite wire, diminished with increase of altitude. 
In  a slight majority of these cases of deflection toward the 
left, rain followed within a few hours. The diurnal changes 
of the upper and lower winds were strongly marked a t  Duluth. 

THE AVERAGE TEMF'ERATURE OF THE ATMOSPHERE. 

When a long and complete series of observations with 
sounding balloons and kites becomes available, we may de- 
termine with great accuracy the normal temperature of the 
atmosphere over any station for each thousand meters of 
altitude up to great heights. Meanwhile, however, the diagram 
given by Teisserenc de Bort in an article that we have trans- 
lated and published on page 412 tempts us to make a first 
approximation to this fundamental datum in dynamic me- 
teorology. We can, however, only reason cautiously upon 
the data given by himself as the results of systematic work 
at Trappes, near Paris. As a first approximation, the Editor 
offers the mean monthly temperatures and annual averages 
given in Table 1, as representing an average year between 
April, 1598, and July, 1899. This is a rather bold and haz- 
ardous attempt a t  generalization, but when we consider that 
according to his own statement, the mean departure of the 
temperature from the mean a t  any given altitude in all types 
3f weather, ranges from 5.2O nearest the ground to 6 . 6 O  C. a t  
S,OOO meters, we see at  once that the annual averages given 
Ln this table have some slight value as an approximation to 
the normal, provided no systematic instrumental errors in- 
tervene. Better figures will doubtless be given by the author 
himself a t  some future date. 
FABLE 1.-Approximate illcaw tenperaturea ( G'sntigrade) obaruad in frTar 

air at Trqipt% during 1895-99. 
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The temperatures for August are interpolated. 

Means of 
epartores. 

..... 4.8 
5.6 6.0 I 4.8 4.8 

6.4 4.6 
6.6 5.2 
6.3 4.8 
6.4 4.7 
6.1 4.9 
6.6 4.5 
5.2 4.8 
6.5 6.8 

It would not be proper to consider these figures as repre- 
ienting any other locality than the neighborhood of Paris. 
:f the irregularities of temperature continue above the same as 
)elow, no matter how high we ascend in the atmosphere this 
ihows that the general currents of air and the presence of 
:loud@ or haze control the temperatures. Such currents and 
noisture conditions change with the season, the relative 
?osition of land and water, and the latitude. The existence 
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and motions of the cirrus cloud show that the general cir- 
culation of the atmosphere affecte it to a height of 10 miles, 
and that average temperatures and gradients a t  that height 
must differ systematically according to the currents and 
moisture appropriate to the location of the station. The 
figures for. Trappes may possibly represent, in general, Prance, 
Holland, and Denmark, but can hardly represent Great Bri- 
tain or Norway or the interior of Europe, still less the eastern 
portion of the United States. 

Although, relying implicitly upon the diagram published 
in the Compte6 Rendus, we should be cautious about drawing 
conclusions finer than are warranted in view of the well- 
known sources of error incidental to all such observations. 

In  Table 1 we have included a column given by Teiseerenc 
de Bort, showing the average departures of his individual 
temperatures from average values, from which we see that 
there is an average variability of 5 O  or 6c in the temperature 
of auy one horizon tal stratum, whence the mean temperature 
of the month should have a “probable uncertainty ” of about 
1.5O and the mean of the year lo, as compared with normal 
values that would result from a very long series of nhserva- 
tions. We have also added a column showing the mean de- 
partures of our present monthly values from their respective 
annual means. 

The mean of all the departures of any observed tem eratiires from 
their average n ; u e  is not quite the same as the  so-caged “probable 
departure” or probable error.” If we assuuie that the temperature 
of a stratum is constant throughout the whole series of observatiops, 
then any observed de  arture from this mean is like an error in making 
a measurement. Sucf errors are governed by certain laws, which, if 
they are unknown to us and can not be otherwise handled, must be 
treated as though they were due purely to chance. There will be fewer 
large but more small departures; the larger errors will have a smaller 
chance of occurring. The chance of occurrence of an  error will diminish 
as the  size of t he  error increases, but not esactly in the same propor- 
tion. The precise law, as given by the “theory of probabilities,” is a 
logarithmic equation; that is to say, the  logarithm of the probability of 
the occurrence of an  error as large as z will decrease in proportion to the 
increase of the square of 3. This probability is very neatly shown by 
a curve, called the  “probability curve,’’ whose ordinates represent t he  
probabilities of the occurrence of the errors that  are represented by the 
corresponding abscissas. Every value of B is possible and has its cor- 
res ondinp probability of occurrence; there is a special medium value, suet that there will be as many others above it as there are below it, 
so that t he  chance of the occurrence of this particular error is just one- 
half. This is not “ the  most probable error,” but has for a century past 
been adopted as a convenient indes  to the internal agreement or clis- 
cre ancy of the observations among themselves and is called “ t h e  
protable error.” Instead of this, Teisserenc de Bort adopts the arerage 
of all the  departures as an  indes  to the agreement of tli: observations 
among themselves. The laws of probability show that the probable 
error” is found approximately by multiplying the “mean of all the  
errors” by the  factor 0.5453. 

It is frequently necessary to calculate the average of the sum of the 
squares of the individual errors. The square root of this average is 
called “ t h e  ?)Mala error,” not the mean of the errors, and from this 
“ t h e  pro&& error” may be found by muItiplying Ly the factor 0.6i45. 

According to the figures given by Teisserenc de Bort for 
each horizontal stratiim of air, the ‘( mean of the departures ” 
of the individual meaeurements of temperature vary between 
5.5O and 6.6O. The corresponding mean of the departures for 
monthly mean temperatures will be found by dividing these 
latter figures by the square root of 30, and will, therefore, be 
about 0.9O and 1.l0, respectively. The mean of the departures 
of the respective annual means mould be found hy dividing 
by the square root of 365, and would, therefore, be about 0.3O C. 

If we study, by themselves, the monthly means for each 
stratum, as given in Table 1, and form a system of twelve 
departures from their annual means, we find the means of 
these departures vary between 6.3O and 4.2O, as shown in the 
last column of the table, that is to say, the probable depar- 
tures of the monthly means vary from 5 2 O  to 3.5O, reepect- 
ively. These are EO much larger than the 0 . 9 O  and 1.l0 just 
quoted in the previous paragraph as to show that the changes 

in temperature due to annual periods are quite as important 
as those due to daily irregularities. 

The L L  probable error ” of each of the annual means for the 
respective altitudes would range from 1.l0 to 1 . 7 O  as deduced 
from the monthly means, and assuming that there be no EYE- 
teniatic annual periodicity and no important systematic in- 
s trunien tal error. 

When me examine the column of annual means for the pur- 
pose of determining the average rate of decrease of tempera- 
ture with altitude, we have to remember not only the annual 
periodicities and accidental irregularities in the actual tem- 
peratures of the air as just calculated, but that an important 
systematic instrumental error may also esist. These tempera- 
tures have all been determined by means of a self-register 
that ascended rapidly, and after a while descended rather 
more slowly to the ground. Now, every thermometer, and 
especially those of such registering apparatus, requires a little 
time to follow the changes of temperature to which i t  is sub- 
jected. The so-called sluggishness of the thermometer is a 
source of error as iniportant as the variability of the actual 
temperature. Table 1 brings out the fact that throughout all 
these ascensions there has been a steady diminution of tem- 
perature with altitude, amounting to somewhere between 50° C. 
and 65O C. in 10 kilometers, and averaging exactly 60° C. 
Now, when a thernionieter is plunged into a bath whose tem- 
perature is GOo lower than its own, and is stirred rapidly 
aboiit in a large mass of water, so that the external surface 
of the glass bulb keeps a constant temperature of -60°, the 
interior glass and mercury requires some time to attain that 
temperature. It may be five or ten minutes, being longer in 
proportion to the poor conduction and convection of heat by 
the hulb. The temperature shown by the thermometer fol- 
1 0 ~ s  a logarithmic law of decrease, and after coming close to 
the temperature of the bath there is still an outstanding error 
of a few hundredths of a degree or, possibly, of a whole tenth. 
For any given diderence of temperature between the bath 
and the thermometer, there is a certain rate a t  which the ther- 
mometer will change its temperature in its efforts to attain 
equilibrium with the liquid. If the liquid holds its own 
temperature constant, the thermometer will ultimately ap- 
proximate equality with it. 

But the therniometer in an ascending sounding balloon 
comes a t  every moment into new liquid whose temperature is 
lower than that of the preceding layer, i t  is, therefore, at- 
tempting to fall to the temperature of a liquid whose tem- 
perature is itself falling. If the balloon is ascending quite 
~~nifornily, EO that the rate of fall in the temperature of the 
bath is uniform, then the cooling thernionieter soon attains 
such a temperature, ( a little above t.hat of the air) that for 
this difference of teniperature its own rate of fall is just the 
same as that of the uniform diminution of the temperature 
of the bath. When this condition has been attained the 
thermometer will, indeed, cool as fast as the temperature of 
the air falls with the rising balloon, but the thermometer 
will always be behind the temperature of the air by a con- 
staiit number of degrees corresponding to a constant differ- 
ence in altitude, and this may continue indefinitely. 

To illustrate this by an example, suppose that the ther- 
niometer be one of those used by me at  Poulkova in 1865, and 
whose correction for sluggishness is given on page 72 of my 
L L  Treatise on meteorological apparatus and methods,” Report 
of Chief Signal Officer, 1887. I n  this case, when the tem- 
perature of the bath is one degree lower than the tempera- 
ture of the thermometer, the latter cools a t  the rate of 0.355O 
per minute. If the temperature of the bath is some other 
quantity, such as N degrees cooler than the thermometer, the 
rate a t  which the latter will  cool is N x 0.255O per minute, 
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If the difference of temperature is 4 O  the rate of cooling mil 
be 1.03O per minute. If now, this thermometer is ascendin! 
in a balloon through layers of cooler air a t  such a rate tha 
it rises 10 kilometers in an hour, and if the air temperature 
diminish as they do in the coliimn of mean annual tempera 
tures in Table 1, namely, 6OC, in this interval, then thi 
thermometer itj, as i t  were, in  a bath whose temperature i 
falling lo per minute. Therefore, our. thermometer whicl 
can cool a t  the rate of 1 . 0 3 O  per minute when the Imth tem 
peratnre is 4 O  below its own, will soon come to a tempera 
ture of about 4 O  behind, that is to say, 4O warmer than tha 
of the layer of air in which the balloon is located at  an: 
moment. This 4 O  in temperature corresponds to a vertica 
distance of Q of a kilometer for the assunled temperatun 
gradient in the free air, therefore all recorded temperature 
will be 4 O  too high for the altitude, and really belong to I 
layer of air 8 of a kilometer lower down. The converse wil 
hold good for descending balloons. 

In  applying the preceding argument to the eelf-registeri 
used a t  Trappes, we recall that some similar instrumenti 
have shown a degree of sluggishness such as would be rep 
resented by a much larger figure than the 0.355O used in thc 
above illustration. Thus in his report, on pages 34-92 of thc 
Protocol of the Strasburg Meeting, April, 1898, of the Inter 
national Aeronautic Commission, Teisserenc de Bort says : 
In rapid ascents the temperature of the air can vary 3O or 3O pe 

minute, since the balloons rise at the rate of from 4 to 9 meters pe 
second, and descend with velocities of 9 or 3 meters per second. Thu 
the temperature recorded at a given altitude when the balloon is ris 
ing may be 1 4 O  in excess of that indicated for the same altitude whei 
it is descending. 

Again, in the same protocol, pages 93-103, Professor Herge 
sell gives the coefficient of '' sluggishnees," (whence by inver 
eion we compute the coefficient of sensitiveness) for twc 
Richard self-registering thermometers that have actuall~ 
been used in some voyages with sounding balloons. Whei 
these therniometere are ventilated with sufficient rapidity 
e. g., in a wind blowing a t  the rate of from 3 to 10 meters pel 
second, in air of constant temperature, the coefficients oj 
sensitiveness increase as the speed of ventilation and thf 
attending increase of conduction and convection. They are 
respectively, 1 . 8 O  or l . 6 O  for a velocity of 3 meters per second 
and 5.0° or 6.2O for a ve1ocit.y of 10 meters per second ii 
air. This coefficient is, however, subject to a diniinutior 
with the diminution of convection in rarified air, and would 
therefore become perhaps one-fourth of the vnliiee here given 
i. e., 0 . 4 O  and 1.5O for the air a t  the highest portion of a11 
ascension. Professor Marvin's experiments a t  the Weathei 
Bureau on the coeficient of sensitiveness of his own kite ther- 
mograph under an atmospheric pressure of 30 inches. indicate 
a value of @.go C. for a ventilation of 3 or 5 meters per second. 

Under these conditions we see that even if the corrections 
for sluggishness have been approximately determined and 
applied to the observations on which Teisserenc de Bort has 
based his chart, yet there is room for considerable uncertainty 
of a systematic nature and we are quite safe in saying that the 
annual mean temperatures given in Table 1 are, on this ac- 
count alone, still probably open to systematic corrections. 

Beside the sluggishness of the self-registering apparatus, 
by virtue of which recorded temperatures are too high when 
ascending and too low when descending, the apparatus comes 
under the influence of solar radiation which warnis it, and 
the surrounding air carried along with it, so that it tends to 
give records that are too high. This error is partly counter- 
acted by artificial ventilation and 11y the convection due to 
the rapidly ascending motion of the balloon, but beconies 
very serious when the balloon has reached the upper limit of 
its ascent and is floating along with the local current of air. 
The converse holds good a t  nighttime, but to a much lees de- 

gree when the apparatus is cooling by its own radiation with- 
out being warmed by the sunshine. 

In the absence of any definite information as to the extent 
to which the balloon records have been affected by various 
sources of error, we may still cautiously draw from the an- 
nual means some interesting conclusions based on the fol- 
lowiiig considerations : 

The temperature of the air depends primarily upon the 
processes of cooling by radiation and warming by conduction 
and convection. The former tends to keep the earth's surface 
cold and the layer of coldest air lies close to the ground ; this 
tends to bring the whole atmosphere into a condition of 
stable static equilihrium in which the temperature increases 
with altitude ; the vertical gradient, therefore, is positive and 
may have any value up to infinity. 

The process of convection carries warm and moist air np- 
ward in one place only to descend in another. I n  this boil- 
ing process the ascending currents cool by expansion and the 
descending curren ts warn] up by compression. The tendency 
is to keep the whole atmosphere in thermo-dynamic equi- 
librium and the temperature diminishes with altitude. 
The vertical gradient is negative and may be anywhere 
between --3.0° C. and -9.9O C. 

The general average between stable static and unstable dy- 
namic conditions for the whole globe gives an "equilibrium 
gradient " of about 5 O  C. per 1,000 meters, as a close approsi- 
mation to the annual average condition of the whole atmos- 
phere up to the highest point that the sounding balloons 
have as yet attained. It would appear that a t  these greatest 
heights the convective processes are still as effective as a t  the 
surface, and it. may be doubted whether there is any height 
to which they do not attain. 

The adiahatic rate of change of temperature in dry air 
is that which would prevail in a mass of air ascending or 
descending without changing its quantity of internal heat, 
and is 9.9O C. per 1,000 meters: this is the same as that 
which would prevail if the loss of heat by internal processes 
were exactly counterbalanced by the absorption from outside 
sources; it is the same as that which prevails when the air 
rises or falls so rapidly that it has no time to lose or gain 
any heat. In moist air, not cloudy, it averages 9.So C., but 
within cloudy air, with rain or snow in process of formation, 
it may be as low as 3.0° C. A t  the upper surface of a cloud 
there is a break or discontinuity in the gradient, owing to 
the absorption of solar heat by the cloud particles i n  the 
laytime and the radiation of heat by them a t  night time. 
rhe gradient will, therefore, vary with the speed of ascent or 
jescent. The gradient 5 O  per kilometer may be taken as an 
tpproxiniation to that which the general condition of the 
iir as to moisture, convection, and radiation appears to im- 
lose on the whole atmosphere. 
raBLE ?,-Appro.rQaate obserred dit~~katriion, with idtiturds, of lempornlutme of 
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. . - ._ . . . . . .  _ . . . .  -. . . . . . .  

I Corresponding temperature 
Assumed daily 

altit.ude. 

gradient per 100 meters. 

Ascending Descending. 
rate of change of -- - . . . . . .  _- 

__ .. __ ~. - 

0 0 

0 meters ......... -9.89 -9. w3 
147 .................. -4.32 -1.44 

The temperatures corresponding to the adiabatic rate, 9.So 
for dry air, and the equilibrium rate, 6.0°, are shown in 
columne seventeen and fifteen, respectively, of Table 2, and 
the departures of the observed temperatures from the equi- 
librium rate are shown in column sixteen. 

It will be noticed that up to 4 kilometers the observed an- 
nual mean diminution of temperature for Trappes is slightly 
less than that which we call the equilibrium rate, but the dif- 
ferences are within the limits of the general uncertainty or 
probable error of the annual means. On the other hand, be- 
tween 7 and 10 kilometers, the observed diminutions are 
greater and the temperatures are appreciably cooler than equi- 
librium would require, that is to say, the atmosphere above 
Trappes is so cold a t  these heights that it has a tendency to 
descend to the earth's surface. Of course, in doing EO it warms 
up by compression, and, therefore, sinksdown only EO fast as 
the cooling by radiation may counteract the dynamic heating, 
so that the air may still appear cool when it eventually ar- 
rives a t  sea level. An esaniination of the means for separate 
months shows that this tendency prevails throughout the 
year a t  the 8, 9, and 10-kilometer level, but is most pro- 
nounced in the warmer half of the year ; it also prevails in 
the warmer half a t  the 7-kilometer level. I n  other words, 
the annual change of temperature a t  the ground is, in gen- 
eral, inverse to that which takes'place in the upper strata. 
Thie inversion we must attribute almost entirely to the annual 
changes in the circiilation of the atmosphere, by virtue of 
which the marni air that in the sunimer months left the sur- 
face of the ground in far distant warm regions has, after a 
long journey, been brought to the region above Trappes, and 
has been cooled by radiation until it is now pressing its way 
down to the ground. 

The little that we know about the movements of the upper 
air favors the presumption that the upper southwest wind, or 
antitrade, flowing from the equatorial to the arctic region is 
slowly descending, except in special regions, where underly- 
ing continents and mountains or underflowing northeast and 
northwest winds, or some form of wave or vortes disturbance 
temporarily forces it to rise a little. The formation and dis- 
sipation of the highest cirrus clouds seems to suggest the 
localities over which this current has a special ascending or 
descending motion, but far above these clouds siniilnr mo- 
tions must take place in regions ordinarily inaccessible to 
observation. The location8 of these regions must be subject 
to annual changes somewhat corresponding to the seasonal 
shifts in the locations of our large subpernianent areas of 
high and low pressure. The gradients of ascending and de- 
scending motions in the atmosphere, a t  and above the level 
of the cirrus clouds, are probably steep enough to produce 
great velocities, on account of the wonderful mobility of the 
air, whose internal friction or viscosity, diminishes rapidly 
with temperature. A mass that ascends at  the equator to the 
height of 20 kilometers, and descends a t  the pole to the sur- 
face of the earth, must flow along an average grade of +&-$a 
or This grade producesa s w i f t  rapid in a river of water 
and can produce a velocity of 100 niiles per hour in the free air. 

. . . . . . . . .  -. .. 

Resulting temperature change 
per day. 

......... ~ 

Ascendlng. Descending. 
~- 

0 0 * 
-2. w $0. !M 

The radiation of heat by a pure and dustless gas is a very 
small quantity, but i t  may be greatly increased by the pres- 
ence of dust or such vapors as aqueous vapor, ammonia, or 
carbonic acid gas. Several attempts have been made to de- 
termine the actual coefficient of radiation (see my article on 
" Atmospheric Radiation," American Journal of Science, 
May, 1892, Vol. SLIII ,  p. 364, reprinted in The American 
Meteorological Journal, 1893, Vol. VIII, p. 549). 

The rate of radiation of a unit mas8 of air doubtless varies 
with its altitude, its temperature, .pressure, moisture, dust, 
kc., but our first crude approximatlon must assume i t  to be 
constant and that its effect, namely, the lowering of the tem- 
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+!!. 88 -1.45 -0.49 
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ascent and descent and the moisture of the air. If the ail 
is not cloudy and the ascending gradients have been the snmc 
as the descending gradients, then, the resulting annual aver 
age will be the mean of the two figures given on any line ii 
Table 3, that is to say, i t  will always be 0.98, and will, there 
fore, be independent of radiation. In  other words, in thi i  
ideal case of a cloudless atmosphere and rapid convection 
the radiation effect is uniformly distributed throughout tht 
mass, and does not affect the vertical gradient, but, of course 
this is far from being the actual condition of the earth? 
atmosphere. 

- 

THE INTERNATIONAL ELECTRICAL CONGRESS AT 
COMO, ITALY. 

An International Electrical Congress was held, Septembei 
18-25, 1899, at Como, Italy, in connection with the so-called 
Volta Electrical Exposition. Modern electrical science begar 
with the work done by Volta, who was a native of Como. Thc 
esposition opened with brilliant promise early in the presenl 
year, and, notwithstanding the disastrous fire that soon fol- 
lowed, the expositiou and the congress form an interesting 
epoch in the history of electricity. The congress was opened 
with an address by Colombo, president of the Italian Electro. 
Technic Association, who also represented the niinister of 
public instruction. Many of the most distinguished elec- 
tricians were present. Among the items that may especially 
interest meteorologists, we quote the following from the re- 
port by Martinez in The Electrical World and Engineer Of 
October 21, page 615 : 

Professor Blaserna desired the congress to commit itself in favor of 
the adoption of t he  double trolley, or of accumulator traction, for lines 
passing in  t h e  vicinity of scientific laboratories. The pro osition was 
not received with much favor by the  audience, which was Eryely coni- 
posed of amodern element, to whom the  distnrbancesof agalvanonieter 
i n  a laboratory had much less importance than the economy of electric 
traction. 

Mr. Gisbert Kap expressed the  o inion of tlie majority of those 
present in saying tgat savants, instea$ of asking that electric traction 
systems, which pave such great advantages to the majority of citizens, 
should be changed, should endeavor to perfect their instruments, so 
that they would not be disturbed from that cause. and, if this can not 
be done, they should niove their laboratories to the  country, far away 
from electric railways. 
M. Campelio expressed his agreement with Mr. Rapp. 
Mr. Pinna, director of t he  Turin electric plant, said that accumu- 

lator cars differed little from the  trolley in  their effects on delicate 
instruments. 

Mr. Ilengarini, director of t he  electrical plant at Rome and engineer 
of the project of transportation of power from Tivoli to Rome (2,000 
horse power at 6,000 volts. a rash proposition in 1S91), soiipht to give 
some satisfaction to Professor Blaserna, i n  speaking of tlie serious 
trouble roduced by electric railway return currents on water anal gas 
pipes. He asked, not that  tlie earth return should be prohibited, hut 
that, in the insulation of street railways, all possible precautions should 
be taken to avoid daniage from the  return currents. 

The discussion having begun to extend over n wide ground, the  presi- 
dent adjourned i t  to t h e  next meeting. and gave t h e  floor to Professor 
Blaserna, who read a paper on the  variation of t he  earth’s terrestrial 
magnetism in  antiquity. The idea of t he  investi ation was due to a 
learned and ver modest coadjutor of Professor %aserna, Dr. Pol- 
gheraiter, of the  5niversity of Rome. Dr. Folgheraiter had olmervetl 
.that earthenware will preserve indefinitely the  magnetisni that  it pos- 
sessed when it was baked. Etruscan vases, roman bricks, ek., he  
found presented magnetic phenomena so striking as to enable the  ter- 
restrial magnetic conditions esisting when they were Ixikerl to be 
deduced. The  etruscan vases of the  year 600 B. C. showed with cer- 
tainty that at that epoch the direction of the  terrestrial magnetic field 
was almost vertical at Rome and in  rentral Italy. Professor Blaserna 
expressed the hope that similar observations would be made in other 
countries. 

At the  joint session with t h e  Italian Physical Society, on September 
21, Professor Somigliano of the  University of Como, disrussed the  
changes of levels in the  Italian lakes, a matter that  mas also observed 
by Volta i n  connection with Lake C‘omo. This lake, as hell as others 
in Italy, ’is subject to abrupt changes of level whicli cannot he ex- 
plained on the  supposition of increased flow of water from the streams 
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flowing therein. Recently instruments have been installed to make 
observations on Lake Garda, with a view to making a careful study of 
the  phenomena. Professor C‘histoni gave some interesting details on 
electrical discliarpes on Mount Cimone, i,100 feet hi h high, the high- 
est peak uf tlie .4pennines in tlie Tuscany and Lomfardy region. An 
observatory has been placed on the  siimmit of this mountain, where 
aerial conrluctor~ have been installed to study the  phenomena of 
atmospheric electricity, which so much interested Vnlta. 

Professor Voltena read a paper of capital importance on “Energy” 
in tlie treatment of which a new method of mathematical analysis was 
followed. 

Professor Lenistrom spoke of the  artificial reproduction of the  
aurora borealis. [Ie advanced the conclusion that there is in the  
atmosphere a permanent electriral current vertical inflow. Professor 
Wiedemann did not agree with this opinion, observing that we can not 
have luniinous rhcnoniena with differences of potential as smnll as 
those mentionec , whicli, however, may be cawed by alternating cur- 
rents of high frequency. 

In  the afternoon of September 22, a t  tlie nieeting of the  ltalian 
Physical Society, Professor Maraponi, of Florence, gave a suiuniary of 
the  different theories of tlie forination of hail, and conc*lorled that the 
theory of Yolta still remains the most plnusil~le, if slight modifica- 
tions are ap  )lied to it.’ The ~liscussion was participated ill by several 
of the  members. 

Sefior Zublenn pr011osed tlint the nieeting should express an opinion 
in favor of t he  enconrayement of thenretical anti practical researches 
relating to Imil, t he  occurrence of whicli in certain parts of Italy con- 
stituted a real affliction. 

Professor Eongiovaiini showed a n  apparatus illustrating the  phe- 
nniriena of terrestrial niitpnetism, and 31. Arno made some interesting 
eslleriinents on the rotations of insulatingdisks by electro-staticaction. 

At the  last meeting fJf the  Physical Society. Mr. Rizzi, of Naples, 
read a paper on the  niapnificnent colorations in the  Gulf of Naples. 
He showed that t he  explanations which have thus far been given con- 
cerning tlie marvelous coloring of t he  sea and of the  sky in tha t  local- 
ity do not sufice. 

The meetiiig espressed the wish that the Italian Govern- 
uien t should undertake the puhlication of the complete 
edition of all the works of Volta, aB it has already done for 
the works of Galileo. 
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INSTRUCTIVE LABORATORY EXPERIMENTS. 

On another page we publish a short contribution by Mr. 
Ralph 13. Marean on whirling colunins of mist. This sug- 
gests one of many forms of esperimentation practicable in 
physical laboratories, and essential to the development of 
x a c t  meteorological science. 

It is well known that determinations of the coefficient of 
viscosity of the air have been made by exact observations 
iipon whirls driven by rapidly-revolving cylinders or circular 
plates. But in  these experiments the inertia of the moviug 
masses is so great that the viscosity heconies a miiior matter 
and is not deteruiined with all the precision that is desirahle. 

The mist whirls seen by Mr. Murean can, nudoubtedly, be 
Formed and observed a t  pleasure I y  proper laboratory arrange- 
ments. If, as he descrihes, a whirl of small height but con- 
3iderable diameter is observed beginning in a lower stratum 
)f mist, hut finally is converted into a small, slender, rapidly- 
-otating column which ascend8 and is finally converted into 
t horizontal cloiid in which there is no rotation, then i t  is 
wident that the ascent is due to the slight buoyancy of the 
wiginal niass, and probably depends almost wholly upon its 
laving a temperatiire slightly higher than its surroundings, 
nit the disappearance of the rotation depends on the inter- 

I I t  is  proper for t he  readers of the MONTHLY WEATHER REVIEW to 
*emember that according to the  theory of Vclta, hailstones grow by 
rccretion, :is they are alternately repelled upward and downward elec- 
ricnlly, between two oppositely charged layers of clouJs. This work- 
ng hypothesis of a century ago is now obsolete in meteorology, and 
vholly replaced by the  convective processes fnllv explained by Ferrel 
ind the  tliernici-ilvnaniic processe explainell IJY von Bezold, and 
rbundantly confirmed by observations in balloons and on mountain 
o~s.-ED. 
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